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Effect of bacillus calmette-guerin treatment on airway inflammation and T regulatory
cells in mice with asthma
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Abstract: Objective Previous studies have shown that bacillus calmette-guerin (BCG) can deviate TH2 response
toward THI response, resulting in a suppressive effect on the development of asthma/atopy. This study examined the effect
of BCG treatment on regulatory T cells in asthmatic mice to investigate the possible mechanism. Methods Kunming mice
were sensitized and challenged with ovalbumin ( OVA) to establish asthmatic models. Asthmatic mice were injected
intradermally with BCG five days before and after sensitization. After 24 hrs of last challenge, bronchoaveolar lavage fluid
(BALF) and peripheral blood were collected . The total cells and eosinophils were counted in the BALF. The percentage of
CD, " CD,; * in peripheral blood was detected with flow cytometry. Single spleen cell suspension was prepared and cultured
in 1640 medium for 48 hrs and then the cytokine IL-10 level in the supernatant was determined using ELISA. The mice
which were challenged with normal saline were used as the Normal control group. Results The number of total cells and
eosinophils in BALF in asthmatic mice [ (27.27 +5.36) x 10’/L and (6.59 =1.32) x 10"/L respectively ] were more
than in the Normal control group [ (1.52 £0.36) x 10”/L and zero respectively] (P <0.01). The number of total cells
and eosinophils in BALF in asthmatic mice were reduced after BCG treatment [ (13.71 £3.17) x10"/L and (1.43 =
0.37) x 107/L respectively] (P < 0. 01). The percentage of CD," CD,; " in peripheral blood of asthmatic mice
[(11.59 £1.33)% ] was noticeably lower than that of the Control group [ (13.66 +1.68)% ] (P <0.01), but
increased significantly in asthmatic mice after BCG treatment [ (14.40 £2.70)% ] (P <0.05). The IL-10 level in spleen
cell supernatant in the BCG-treated group (7.79 + 1. 34 pg/mL) also increased compared with that in the untreated
asthmatic mice (5.54 £0.66 pg/ml) (P <0.01). Conclusions BCG can markedly inhibit the airway inflammation in
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asthmatic mice possibly by promoting the production of regulatory T cells.
[ Chin J Contemp Pediatr, 2006, 8 (5) : 413-416 ]
Key words: Bacillus calmette-guerin; Regulatory T cell; IL-10; Asthma; Mice

I Mg ((asthma ) 2 PUCHE AP TR VR AR I (EOS ) FITF/I BRI O TR UM, 5T 2 mL 1640 1557
RAAGE = OV (BHR) YRR B0 PR B .  Wh, FHBR oRE IR R e B T AR B, AR TR UL
HOFITIEE R, Th2 240 Ml B A IS AR 4r i 10 minf5  IER LR 40 B (57 TR A8 ) ,
L4, T0L-5 SR 20 i N 7~ J2 5 R i i 9 £ 2050, 52 1000 v/min, 2.0 10 min, 55 b5 W, P U00E 59 40 L
SR SR ARG B R A (BCG) BRI Th2 B4 FI 1640 1 mL 5k, S 5200 0= 0, 4 9L 5240
B bid Tl BUGRe RO vy, e vt Tl RUARMIIN 7 BfCE T &/ MU A 1640 1537, JF LU AL
U0 TFN-y B3 BA T4 1) <O S AE S e H A, el 2 mLE T 48 fLANMES TR, 19 i i 4k R
K Tal/ Th2 502 BBEE, 50 T 00EZhEE 2 x10°/mL, 55 Jiil 200 mg/L OVA 5 Ay 5 5 1) il i
T ATRE SR RG I WA G ASLIRA RIS Wy JEFRARE T 37°C 5% CO, By 5 3748 85 57
BRI Wity A5 78, SO0 52 W Wity /N BROAD SR I 5 M T 4 48 h,48 h J5 e 1 If ¥, ELISA A 57) &oil o2

(Treg) 7251k J BCG XL 520 BT TL-10 97K,
1.5 mEC4pa e
1 #R57EE OMEZERIEUM 1.0 mL, FF R HUEE, # 4 LR
i3 100 WL A At A AL RS ¥, A BR g P
1.1 ZH¥M5iXH Pifk 20 pL Jf 5 b5 AR 58 00 R 205 4 i bk O i F

BB (W B 75 M Kz se bt )6 ~8 20 min, JITA 500 WL 2T 41 g 24 i W, HE 1 3R % 7% 72
Jil AR 18 ~ 22g, MEME, BREHEE I (OVA, Grade  43RA]; ZFIRHHE 20 min, JITA 500 pL 8 f2Eh 2% vh
1), F &M Sigma AF]; @EMEBIWA FHEEH W(PBS) SR 21, F#% B 20 min J5 b ML
B T2 H] /B IL-10 ELISA 35500 &, W H YIS CD, " CD,s " XUSHE T bk L 40 &7 21 8 i A A% 4 Y
FAF . MR R/ (BCG,0.25mg/ 30 ) I H H4rt,
U A Wy ) S SR T PE-CD, " B4R FITC-CD,s © 1.6 4RiTE4E

CDys " UMM A BioLegend 27l AR SPSS10. 0 GE AR 3B , Kl £
1.2 Emmzh &R E ST LA & x5 FOR R ¢ KRS Ab BESL I AR s 2

RIS 3 AL A 8 ., NG BORZERMEENE, P <0.05 Eh R EERE R
Wit /IN BRUAE 250 f) 72 57 77 12 2 B Dandurand 281 f 4%
WLHE 0 KT 10%0VA 0.1 mL % 10% 5584 2 ZHR
B 0.2 mlL i S O, 5 14 RmsRE e L R, T
5521 RADE/NEUCT A IS5 AT NN 2.1 &BE/NR BALF @S58 EOS L
A 5%OVA 120 min, 5K 1 %, 47 d, BCG 17 2 OVA S5f503 & 7 W% Wity /0N B 96 38 V% T
4 - PR/ N ER S PSR A T IRl e 4, FEBURAT B (BALF) A 20 i 5 280 e g T 4 L -5 1 X IR
J5 5 drBgh T BCG 0.025 mg Je NIES T, 1IE 4IMHE 225 H B (P<0.01), 1fiZ BCG +

O BRZH - DAA SR KA OVA SOk /N, BT BA Rz /N BRUH: BALE AP ) 200 0 A K508 Ve P e 4 i
ANRTEIRSG— MR 24 h R IEIETESR 10% K& BB & R, 5 0 0/ BRUMT H 22 5+ 8 35 1
FE (0. 6g/kg) BREEJF R BURA o (P<0.01) . #2725 BCG HE i 17 Mg /) B AY UIE R
1.3 FifiE#E i ( BALF) 4ARETH IR 53 3 . (1)

ANEREUHS B R UD T e R S MR E AN, UL 2.2 RANRSNE D CD, T CD, " FTE T 448
1 mIA BRER KA Al DS e, S 2 3 U, Il B9

292 mL, ¥ BALF .0>(20°C,2 000 r/min, 10 min) £ 2 /N R JE I €D, * €D, * Treg £ L f5il 45
F LI, 0 1640 FER A 0.5 mL, BEATARMITTH &, 48 IER XTI T TR, LA LA et 2 B (P <
AR A, 0.2 mL 3 R B o B e, 3H 8 0.05) . ifii BCG FH415M A il CD, ™ CD,; * Treg
200 AN, T PERR IR AR MLER, SRHCE 2 T FCBII S ETH(P <0.05) , 517 0 4 A L 2% 53 A i
1.4 RReApasE s R4 EFRE #PE(P<0.05), (%2)

- 414 -



8 A 5
2006 4F 10 A

P E G R &

Chin J Contemp Pediatr

Vol.8 No.5
Oct. 2006

%1 BALF ARS8 K EOS B34k

BALF 4i i 5% EOS #3414
415 RO ; i
(x10'/L) (x107/L)
IE# X IRl 8 K 1.52+0.36 0
W i 241 8 H  27.27+5.36" 6.59 +1.32¢
BCG T-Hizd 8 1 13.71 £3.17%" 1.43 £0.37%"

a HGIEFXIEATLL P <0.01; b Hizhasd s P <0.01

F2 SMEM CD, " CDy AT T WA EN

21 51 EA@2Y) Treg(% )
I A 8 H 13.66 +1.68
EA T 8 H 11.59 £1.33°
BCG s 8 N 14.40 £2.70"

a SIE# A t=2.605,P <0.05; b SR H#k ¢ =2.736,
P<0.05

2.3 PEZmRaEESE _EiER S IL-10 Bk

BEML IS IL-10 K5 IE X R4 R R,
2R A WEVE(P <0.01) ;T2 /N B IL-10 7KF-
] B, 2 5A BETE(P <0.01), (£3)

*£3 NEREMERE EF RSP IL-10 Bk F
215 H IL-10 (pg/mL)
IEH X IR 8 6.99 £0.91
W iy 21 8 5.54 £0. 66
BCG i 8 7.79 +1.34"

a SXTMEL AL 1=3.657,P <0.01; b SEENGL LEK 1 =4. 244,
P <0.01

Wi 2 22 Fh K 3R 2 5 1 ACE 8 P A, H =
o FHLR o5 AT 1R S M % v TR 4T 7 L 4
LA A MR . T L 2 R i R R H £ 1
L PRI A R R E . PAESFULIA
S, B LR TR ARG R AL S R B i
P9 Tul/Tu2 B G558 N D) RE IS I, 2155 & PR & AR
) —A R AR Tul/ T2 P 4 728 A6 347 2
iR I P 11 A ML A AL T — A T B A (R R
Wi 1 & el Tul/ Th2 BB AR B, AR, 30
BE AR A AU L TH2 Y 458 2 o A 32 A o bk
PRI 0 s 8 g, )R LA Tl 28453 2 1 R A
FI B A P 1 4 0 2% () IRt 1 s, X R B FRAT]
ATyt i — 2L 5 P g S U E B R

AWFFELE R R BCG R B b 41 ] B iy /N B
OB RRE, ELR R B BCG T 9 14 2 i /1N B
BALF Hv (%) 241 a5 550 % W T o 40 i 50058 02 Wi 4 B S
TR [RIAT & B OVA SO0 A& i 2 it /N BRUAM A I
CD, " CD,s " Treg fY Lt 8¢ 1F 5 %of B2 W 4 °F B, A

T8 1T HXS S RG89 E . 4 BCG 2%
YL/ NEUY CD, " CD, " Treg 1Y LG58 1 i 2H 45 755
P AN BCG AT g E CD, * CDy; " Treg KAl <
T RAE RNV o [, 25 2170 BRUMGL A0 o 855 5% L0 W
T TL-10 19 7K - & A= 2R LAY 28 4k, & B CD,
CD,, * Tress 1A 11-10 4R Ao R
CD, " CD,s " Treg JEHLAA ATV T 4t 1Y) F 22
YURER 7Y , R CDys 731 (1L-12 Z AR H) o i)
KAl 53+ CTLA4 2 5 X AL G 35 - (%) 91 1
HA VIR EZDIRE , 26— 30X AL IS Sl 3 1Y
GPE RN 5 565 5 LR AT IR sk A B d R
TGS P (no-responsive ) , CD, ™ CD,s * Treg 41 fifi 18
b CTLA-4 -5 (1) 240 B 55 240 1t 3% TR0 0% L 42 f ml 2%
it 1L-10 [ TGF-B 540 [F 7 St HR M D ge . 47
Z Wil E R W Treg 12T K45l Tu2 Y59 )
R ERE BRI AER] . /N CD, " €D, " Treg 41
AT EIBI LA T bk 40 A 1a] T2 % 7] 534k, 1 L
AMHIE AL T2 41 WA N 712, 45 A
ATElE T A0S B A0 HE A9 5% 5L R/ B 5
BB BT ERNROT 7 A KT TgE JKF- T X A
G fE AT g CD, " CDy ™ Treg Fr BH. 1k, 3X 15 BH
CD, " CD,; " Treg BRI IgE [, — R 31 Ay 5L
b5 2 W 7E M AR B U R SR AETE TR N 1Y
CD, " CD,; " Treg HYE A 2 THa il i B < IE RAE
PESRG T, CD, " CDys " Treg fE41 A WT i 3 CD,
CD,s " T 0 il 25 5 1, IF H. 3R 35 Foxp3 #% 5% A
T X EERAGE CD, " CD,, " Treg 7E2)#) 556 ] fH
LR SR R i R E S
BF [ CD, " CD,s " Treg 733l 55 [ 1A 32 57t i i
JERI R CD, ™ CDys ™ T 3b B 40 i 2L 3% 5%, i 19
CD, " CD,; " Treg #ii] CD, " CD,, * T I T 24 %) 348
SNEHE T B TR & . FEX i R oY
o PR A2 B E A S CD, " CD,, " Treg Y3
ZATKY . BRG] CD, " CDy; " Treg AT 41 il
BILA T 9k L2 0 B 1y 486 5 52 7, I LA s e e i A
# CD, " CD, " Treg R DO RE Al BEAFEBRIE
HIRE ) 1L-10 Bk o2& — 4> Tr2 AL20 g [A
T R ZHCA B B — D T S
BT o —J7 T, PR 4 5 40 4 b T-10, 34
¥ THO [1] Treg 1 %€ 0] 534k S ¥4 58 , 55— J7 1T, Treg
SYU IL-10 25506 S 8 LR 85 o 1L-10 JE
MR CD, " CDy ™ Treg 4l AN RE 1 ] 1A ] AT 1 J%
YT 2R 38 R AE , W] CD, " CDy5 " Treg J2& 1L-
10 AT BERIRANML " o TL-10 mF4 ] 2 40 i g i
IL-o,1L-1B, IL-6,1L-8 , TNF-or, GM-CSF Z&4iE % 4 Jifd

- 415 -



8 A 5
2006 4F 10 A

b SRR A

Chin J Contemp Pediatr

Vol.8 No.5
Oct. 2006

A ¥, [ B 38 mT T o8 B 4 | AR 2 R 4 B 2% T
MHC 1T 2877 M AL o T W 3R G5 o 78 B g 5 56
PERFFE Y, IL-10 AT A6 R 3 % 5 1) T2 U4
PRI 4 R e % 3 W T e 400 B i T T
10 JE PR B 08 /s BRUPE 3 B UK e 2 B R <l R
FE SRR 4528 OVA BU 3% (1) BALB/C
ANERTIAE R AN A 3R IR IL-10 5 OVA Ri 1y
CD, " T 4B A0 M , w3 B /0N BRI A0 vy S g 1 S g
PRI A IR I o e i 2 B S A M ok
WP IL-10 F KRR AL, [AIB, FHIG 2208 (LPS) {4
AP e 5B E Y Il B % 40 M ( PBMC) H ™= A=
IL-10 B9 REBIEH NFRAR ™ o X SIS 4 SR
TL-10 X i it e 410 i R4 R H

KL AE R oA 1 /9 Tul B b J 3457, BCG Xt
W iy S RAE I RIE S 2] T2k, K2
HWFFE R W, BCG Al $2 m MUK 49 43 38 IFN-y 1) Thl
SN RE ST, DT 00 ] 25 | A 02 ity 44 2ok 50 1 9 95 1 T2
T o AHXTE A 255 AU Treg 09 2E A 38 A
% . Moseman "' F| f] PAMPs 4 F B #I CPG-ODN
TEAL MO INL 732514 DC 4 fif 2% 17 e 3k 19 TOLL #57
1K 9(Toll like receptor TLR9) , /55 CD, * CD,; * Treg
fIAE A, Zuany-Amorim'®" 75 H] O 3% 23 B AT B B W
TP b /N BT 382 Treg 9 A 18 T BH 400 1 e Dt
O /N B SIE RAEE o TLR2 A F 40 B
(f35 BCG) Y5 515 S0 BT (BCG 4540
JHLRE v () K SROBE L BT R AR H % RS AR 45 #4102 TLR2
BCIAR, 55 ik 7E DC F i Ay TLR2 454, ¥ S DC
B A 53 TL-10 ZE 40 A X 1, A2 fd THO [7] Treg
ke 53 4h, BCG &Y i {5 5 1l L CD, " CD "
Treg {71 TLRS fY 33k, {2 B Hw a7 . k4]
A SC I R AREZE B, %F OVA Sl 3 & 1/ R Se i
5§ BCG -1, nl 53/ N /M UL CD,, * CD,5 " Treg 1)
HAZ2 2T X B S RAE A IR

KA TR A 5 SC et s SR SE 7L R
TR T R e 5 % iy ) 2 0 SR S BRUREL G o (ELR LA
LA 75 i — 2P &, AT 45 R R,
Treg WD TIHE A BEA , AT BB A= BN ZAER— DRI
T SE TR PR , Ao e AT R FLIRAT T S5 P 5
Treg (42 JR , %P2 A 8 SE A IR

(& % x #]

[1] Dandurand RJ, Wang CG, Laberge S, Martin JG, Eidelman DH.
In vitro allergic bronchoconstriction in the brown Norway rat[ J].
Am J Respir Crit Care Med, 1994, 149(6) ; 1499-1505.

[2] Stassen M, Jonuleit H, Miiller C, Klein M, Richter C, Bopp T,
et al. Differential regulatory capacity of CD,5 * T regulatory cells

and preactivated CD,5 * T regulatory cells on development, func-
tional activation, and proliferation of TH2 cells [ J].J Immunol,
2004, 173(1) : 267-274.

[3] Curotto de Lafaille MA, Muriglan S, Sunshine MJ, Lei Y,
Kutchukhidze N, Furtado GC, et al. Hyper-immunoglobulin E re-
sponse in mice with monoclonal populations of B and T lympho-
cytes[J]. J Exp Med, 2001, 194(9) . 1349-1359.

[4] Jaffar Z, Sivakuru T, Roberts K. CD, " CDys * T cells regulate
airway eosinophilic inflammation by modulating the TH2 cell phe-
notype[ J]. J Immunol, 2004, 172(6) ; 3842-3849.

[5] Hadeiba H, Locksley RM. Lung CD, * CD,s * regulatory T cells
suppress type 2 immune responses but not bronchial hyperreactivity
[J]. J Immunol, 2003, 170(11) : 5502-5510.

[6] Chen W, Jin W, Hardegen N, Lei KJ, Li L., Marinos N, et al.
Conversion of peripheral CD, * CD,s~ naive T cells to CD,*
CD,s * regulatory T cells by TGF-B induction of transcription fac-
tor Foxp3[J]. J Exp Med, 2003, 198(12) . 1875-1886.

[7] Ling EM, Smith T, Nguyen XD, Pridgeon C, Dallman M, Arbery
J, et al. Relation of CD, * CD,5 * regulatory T-cell suppression of
allergen-deriven T-cell activation to atopic status and expression of
allergic disease[ J]. Lancet, 2004, 363(9409) : 608-615.

[8] Karlsson MR, Rugtveit J, Brandtzaeg P. Allergen-responsive
CD, * CD,s * regulatory T cells in children who have outgrown
cow’s milk allergy[ J]. J Exp Med, 2004, 199(12) ; 1679-1688.

[9] Akbari O, Dekruyff RH, Umetsu DT. Pulmonary dendritic cells
producing IL-10 mediate tolerance induced by respiratory exposure
to antigen[ J]. Nat Immunol, 2001, 2(8) : 725-731.

[10] Kullberg MC, Jankovic D, Gorelick PL, Caspar P, Letterio JJ,
Cheever AW, et al. A. Bacteria-trigged CD4 ( + ) T regulatory
cells suppress Helicobacter hepaticus-induced colitis[ J]. J Exp
Med, 2002, 196(4) : 505-515.

[11] van Scott MR, Justice JP, Bradfield JF, Enright E, Sigounas A,
Sur S. IL-10 reduces TH2 cytokine production and eosinophilia
but augments airway reactivity in allergic mice[ J]. Am J Physiol
Lung Cell Mol Physiol, 2000, 278(4) : 667-674.

[12] Tournoy KG, Kips JC, Pauwels RA. Counterbalancing of TH2-
driven allergic airway inflammation by IL-12 does not require IL-10
[J]. J Allergy Clin Immunol, 2001, 107(3) ; 483491.

[13] Oh JW, Seroogy CM, Meyer EH, Akbari O, Berry G, Fathman
CG, et al. CD,* T-helper cells engineered to produce 1L-10 pre-
vent allergen-induced airway hyperreactivity and inflammation|[ J].
J Allergy Clin Immunol, 2002, 110(3) : 460-468.

[14] Borish L. IL-10; evolving concepts[ J]. J Allergy Clin Immunol,
1998, 101(3) : 293-297.

[15] Moseman EA, Liang X, Dawson AJ, Panoskaltsis-Mortari A,
Krieg AM, Liu YJ, et al. Human plasmacytoid dendritic cells ac-
tivated by CpG oligodeoxynucleotides induce the generation of
CD4 * CDys * regulatory T cells[J]. J Immunol, 2004, 173(7) :
4433-4442.

[16] Zuany-Amorim C, Sawicka E, Manlius C, Le Moine A, Brunet
LR, Kemeny DM, et al. Suppression of airway eosinophilia by
killed Mycobacterium vaccae-induced allergen-specific regulatory
T-cells[ J]. Nat Med, 2002, 8(6) : 625-629.

[17] Caramalho I, Lopes-Carvalho T, Ostler D, Zelenay S, Haury M,
Demengeot J. Regulatory T cells selectively express toll-like recep-
tors and are activated by lipopolysaccharide [ J]. J Exp Med,
2003, 197(4) : 403411.

(18] Zeabff, S iUH , B, i RobR , 5257, BRAAfy. KA M ZH
PR T 20 5 U AR i JEL S S R AR R T4 T LT ] ol 240
Bl 2003 ,5(4) :328-330.

(191 FLHEK B2, BER I, S04% . SV e i AL T 41 i SIE R
BRI L[] E AL ,2000,2(2) :68-70.

(AR SRR





